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Wake Up Call
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Creation & Launching of ARPA-E

2011
— FY2011 Budget
($180M appropriated)

RISING ABOVE 2009
THE GATHERING

American Recovery
and Reinvestment Act
($400M appropriated)

President Obama launches
ARPA-E at National Academies

= America COMPETES on April 27, 2009

Rising Above the Gathering Storm
(National Academies)

@ Innovation based on science and
engineering will be primary driver

of our future prosperity & security




ARPA-E was created with a vision to bridge gaps in the
energy innovation pipeline

o Office of SC Applied Programs (4B) Loan Guarantees
Existing (5|3) ($1288)
Programs
~
”' PrSte"rEyoie/ s .nC::’::’J,s B> Markets
Tech Gap Tech Gap Commer0|aI|zat|on
Gaps
ARPA-E P
what ARPA-E will do what ARPA-E will NOT do
 Seek high impact science and * Incremental improvements
engineering projects  Basic research
* Invest in the best ideas and * Long term projects or block
teams grants
 Will tolerate and manage high * Large-scale demonstration
technical risk projects

* Accelerate translation from
science to markets
* Proof of concept and prototyping
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ARPA-E’s Mission and Means

To overcome the long-term and
high-risk technological barriers
in the development of energy
technologies.

Reduce Energy

Imports (A) identifying and promoting
revolutionary advances in
To enhance the economic and energy security of the U.S. fundamental sciences;

AND

translating scientific
discoveries and cutting-

To ensure U.S. technological lead in developing and SR IS i
technological innovations;

deploying advanced energy technologies AND

accelerating

transformational
Reduce Energy- Improve Energy technological advances in

Related Emissions Efficiency areas that industry by itself
Is not likely to undertake
because of technical and
financial uncertainty.
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(Econ, Albany)

Dr. Arun Majumdar
ARPA-E Director

Shane Kosinski
Deputy Director of Operations

Dr. Eric Toone
Deputy Director of Technology

Operations Team

Matt Dunne (JD, Georgetown)
Acting Chief Counsel

John Harris
Contracting Officers

Antony DiGiovanni (U. Mich)
Budget Officer

(MechE/Matl Sci, UCB/LBL)

(Chemistry, Duke)

Commercialization &

Strategic Outreach Teams
|

Commercialization:

Sanjay Wagle (Harvard/UCB)
Dr. Srinivas Mirmira (TAMU/Chicago)

Strategic Outreach:
Peder Maarberg

Program Team

Dr. Karma Sawyer (Chem, UCB)
Dr. Nicholas Cizek (Phys, Stanford)
Dr. Robert Conrado (Chem E, Cornell)

ARPA-E Fellows

‘ Dr. Dave Danielson

Dr. Mark Hartney

Dr. Mark Johnson

(Matl Sci, MIT,
Gen. Cat.)

Dr. Ravi Prasher

, : (MechE, ASU, Intel)
(Matl Sci, NCSU)

Dr. Jonathan Burbaum

(EECS, MIT)

(Biochem, Merck,
Pharmacopeia)

Dr. David Shum ‘

(MechE, Harvard, St.Gobain)



DOE ORGANIZATIONAL CHART

Federal Energy
Regulatory
Commission

Advanced Research
Projects Agency - Energy

Office of the Secretary
Dr. Steven Chu, Secretary

Loan Programs Daniel B. Poneman,
office (! - == ___

Deputy Secretary* Inspector General

American Recovery & |
Reinvention Act Office

Chief of Staff

Office of the
Under Secretary
For Nuclear Security/
Administrator for
National Nuclear

Office of the

Under Secretary for

Science

Office of the
Under Secretary

Deputy Administrator
for Defense Nuclear
Nonproliferation

Deputy Administrator
for Defense Programs

Office of Science

Assistant Secretary
For Energy Efficiency
And Renewable Energy

Assistant Secretary
For Environmental
Management

Deputy Administrator
for Naval Reactors

Deputy Under Secretary
for Counter-terrorism

Advanced Scientific
Computing Research

Associate Administrator
for Defense Nuclear
Security

Associate Administrator
for Emergency
Operations

Basic Energy Sciences

Assistant Secretary
Electricity Delivery
Energy Reliability

Assistant Secretary
for
Fossil Energy

Biological &
Environmental Research

Assistant Secretary
for
Nuclear Energy

Legacy Management

Associate Administrator
for Infrastructure
& Environment

Associate Administrator
for Management
& Administration

Fusion Energy
Science

Gl ])\.ﬁ' S

* The Deputy Secretary also serves as the Chief Operating Officer

High Energy Physics

Nuclear Physics

Workforce
Development for Teachers

& Scientists

Civilian Radioactive
Waste Management

Energy Information
Administration

Assistant Secretary for
Policy & International
Affairs

Bonneville Power
Administration

Assistant Secretary for
Congressional &
Intergov. Affairs

Southwestern Power
Administration

General Counsel

Southeastern Power
Administration

Chief Financial
Officer

Western Area Power
Administration

Chief Human Capital
Officer

Chief Information
Officer

Management

Intelligence &
Counterintelligence

Health Safety &
Security

Public Affairs

Hearings & Appeals

Economic Impact
& Diversity
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ARPA-E’s program development process is extremely fast

Program Development Cycle

Contract Negotiation

and Awards
Award Program
Announcements Execution

Project .
Selectio Establish Program Conception I(::rom Prqgram
(Idea/ Vision) onception to
Envisi Execution in 6-8
nvision
Technical Months
e Deep Dive
Proposal Evaluate
Rebuttal Stage Engage Workshop

Full Proposal
Panel Review

Internal Debate

Further Refinement
& FOA Development

Concept Paper
Review FOA Announced
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An ARPA-E Project has four main attributes

IMPACT

If successful, project could have:
« High impact on ARPA-E
mission areas
« Large commercial application

AN

BREAKTHROUGH TECHNOLOGY

Technologies that:
* Do not exist in today’s energy
market
* Are not just incremental
improvements; could make today’s
technologies obsolete

N\ Z

_ AN

ADDITIONALITY

« Difficult to move forward
without ARPA-E funding
« But able to attract cost share
and follow-on funding
» Not already being researched
or funded by others

)

4 AN
PEOPLE

» Best-in-class people
« Teams with both scientists and
engineers
» Brings new people, talent and skill
sets to energy R&D

\hl D| b Q U(C
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The Funding Opportunity Announcement (FOA) process is
fast-paced, but deliberative

' Concept Paper Review ' Full Application Review . Review Rebuttal
EEEEEEEEEN )
Each paper reviewed by Full apps. reviewed by multiple Applicant reviews feedback
multiple experts for merit experts, members meet and and is able to provide a

provide final evaluations for
discussion

limited response for further
review/clarification

Issued Concept Paper Full Aoplicati
Concept Paper Feedback Provided £y app. utt Appiication Applicant Final Selection
Submissions sldbm?spsion Feedback Provided Response Recommendations
» 5-7 page summary » Review by external, » Applicants respond
leading experts in to reviews before
» Limits applicant the field selections
expenses _ o
» External reviews » Clarification
» Reviewer comments critical to decision improves final
provided to making — but scores decisions
applicants do not get rack and
stacked

o N(C
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A streamlined contract negotiation and award process
allows projects to begin promptly

Selection to Award

‘ 2 Month Process >|

Selection Award
L Award
Announcement negotiation

» Aggressive internal and external deadlines established — move at the pace of business

» ARPA-E Technical, Contracting and Legal teams co-located — limits bureaucracy
» ARPA-E developed user-friendly negotiation guide and materials provided

» Jointly develop challenging technical milestones

“ARPA-E has consistently impressed and surprised us with the speed of their evaluation
and contracting process, and the high caliber of their staff...We wish all R&D programs
could adopt this degree of efficiency and professionalism" — ARPA-E Performer

o N(C
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ARPA-E’s active program management promotes eventual
project success

Program Management Tools

SCHEDULE

COST

TECHNICAL NOTES

Total Project Amount Invedced

\\.
i

Task 1: Chip Fabrication

Subtask Milestone Technical Notes
1.1: Deposit high | Q3: 20 microfarad Best capacitance to-date is
capacitance capacitance 12 yF; new oxide material
materials achieved on 45 cm? | was proposed at last

sample meeting to achieve target

1.2: Improve etch
performance

Q4: New etching
tool installed

On-track: PO made last
week, delivery set for Nov.

Active Program Management

» ARPA-E has a vested
interest in the success
of the project, we do not
just provide a check

» Regular contact — at
least two site visits per
year, and formal
quarterly reviews

» Help identify and
resolve technical issues

» Annual community
meetings




ARPA-E Currently has six focused programs plus a broad
portfolio of projects from its first solicitation

Transportation End-Use Efficiency
Electrofuels BEEST BEETIT

Broad Solicitation

Stationary Power
IMPACCT GRIDS

~ D - U.S. DEPARTMENT OF
y . _ ©ENERGY
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http://arpa-e.energy.gov/ProgramsProjects/Electrofuels.aspx
http://arpa-e.energy.gov/ProgramsProjects/BEEST.aspx
http://arpa-e.energy.gov/ProgramsProjects/BEETIT.aspx
http://arpa-e.energy.gov/ProgramsProjects/IMPACCT.aspx
http://arpa-e.energy.gov/ProgramsProjects/ADEPT.aspx
http://arpa-e.energy.gov/ProgramsProjects/GRIDS.aspx
http://arpa-e.energy.gov/ProgramsProjects/OtherProjects.aspx

To date ARPA-E has made 121 awards from seven FOAS to a
wide variety of organizations

Project Breakdown by Lead Organization Type
(% based on award value)*

5% 2%

® University

B Small Business
M Large Business
B National Lab

® Non-profit

*Total Value of Awards = $366 million ‘

O o
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ARPA-E FOA 1 projects can be categorized into one of ten
energy technology areas

projects

Vehicle 5projects
Techngl' ay &

Solar Fuels




Wave Disk Engine

Can veMal

Energy

-Fresh Air-Fuel Mixture
-Burnt Exhaust Gas

Rotational
Direction

Shock Wave
Compression

Constant
Volume
Vehicle Sprojects 2 O v Combustion
Technolegies—, <

Expansion wave
Solar Fuels

Turbomachinery

Power Extraction Scavenging

Dr. Eric Toone

§\| -
r

MICHIGAN STATE
UNIVERSITY

2
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Low-contact drilling
e Ny e — technology to enable
ST e cvem economical geothermal wells

Energy

5

Vehicle SDTOIeCtS projects

Technolegies—

Solar Fuels

- s - U.S. DEPARTMENT OF
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\ I I ‘ Advanced Research Projects Agency * Energy 17



Scalable production of
| macroalgae as a
Wiy L S | - feedstock for biobutanol

Ca

Vehicle Sprojects
Technolegies—

architecture lat

- :b — ~ U.S. DEPARTMENT OF
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ARPA-E Currently has six focused programs plus a broad
portfolio of projects from its first solicitation

Transportation End-Use Efficiency
Electrofuels BEEST BEETIT

Broad Solicitation

Stationary Power
IMPACCT GRIDS
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http://arpa-e.energy.gov/ProgramsProjects/Electrofuels.aspx
http://arpa-e.energy.gov/ProgramsProjects/BEEST.aspx
http://arpa-e.energy.gov/ProgramsProjects/BEETIT.aspx
http://arpa-e.energy.gov/ProgramsProjects/IMPACCT.aspx
http://arpa-e.energy.gov/ProgramsProjects/ADEPT.aspx
http://arpa-e.energy.gov/ProgramsProjects/GRIDS.aspx
http://arpa-e.energy.gov/ProgramsProjects/OtherProjects.aspx

Electrofuels

1. Assimilate
Reducing
Equivalents

2.FixCO, - | | 3. Generate %
for -~ | | Energy Dense , #%
Biosynthesis ~+ = | | Liquid Fuel "

Electro-Autotrophic Synthesis of Higher Alcohols

Electricity
A ¢ The neutral site | (NSI) targeting vector ‘ H O
9 Pirc | ' 2
(5-NSI lack r»k/vd TrmB spec” 3-NS| !
iy, g g e — (and CO,)
“*><.._Recombination 4 Electrolysis
NSl 0 H, (or Formate)
S. elongatus genomic DNA 2
B The neutrgl site Il (NSII) targeting vector H+
5-NSliTokan ' 2 'alsS iivC. ivD._ T1 3Nl |
l I 1 3_NSJ) H, or formate
AR I omo  H :
"7\, _Recombination . ZI
Nsi A | Electron Transport
S. elongatus genomic DNA synth. | -
I
e -
nop (| H* Dr. Eric Toone
|

NAD(P)H

NAD(P)*

CO, co, Pyruvate —————> Isobutanol === |sobutanol
Fuel production j
CO, fixation
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The Semi Solid Flow Cell
- | (SSFC): Flow Batteries
T Listhamea meet Solid Batteries

(new chems/mfg)
ﬂ\lext Gen

Lithium Ion PHEV 40 Goal
(2014)

Semi-Solid Flow Streams

Cathode Anode
Suspension Suspension
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INDUSTRIAL SCAL

PROJECTION
_ Redox Density (M) \Voltage (V)
Aqueous Flow Battery = 2 ~1
50% Solids SSFC 10-25 ~3.5
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BEETIT e

Cooling System Primary Energy Use
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| Today

Current

Systems__|
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Line Membrane Air

l
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COPVapor—compressmn

—_—
Humidity Ratio

4 5 : ; Dehumidifier

T,y = 90 °F, RH = 0.9 i i

Ty = 55 °F, RH =05 Enabling Sensible
Reduce primary energy consumption by ~ 40 — 50% Coolin g for Warm

and Humid Climates

Water vapor pulled out by vacuum

—_—
Temperature

Refrigeration unit
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Warm
humid
air in

50um-thick pe
metal sheet
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ADEPT

Chip-scale LED Driver for
Magnetics Switches Commercial Lighting

Unipolar

Hard High Flux  Imiegrated SiC 25 Watt LED Electronics

Soft
Magnets . {3kv WBG Si

Magnets

Racttion Primary-Side
Brldg(VSWitch
- > GaN SDFET

Integrated
/—Magnetics

Secondary-

N\
\ :
Side Switch
GaN SDFET

Integrated Circuits for Power Nl

300x reduction in power
stage volume
* On-chip inductors and transformers Dr. Rajeev Ram

Systems

* High-voltage transistors

."' TELEDYNE .
SCIENTIFIC & IMAGING, LLC

° H |g h -ene rgy ca pa C |to rs ATeledyne Technologies Company
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i ° _ © ENERGY
il jrJN




IMPACCT

Low-Cost Biological
Catalyst to Enable

High Reacfion Rale o _ o
Efficient CO, Capture
HCO; + H;0*

--OH- Moderate o0
| OMEA Binding Energy

--DEA A
- -®Piperazine

-e-waler /

- ® | | CO, + 2H,0
0 20 40 60 80 100 120
Heat of Reaction {kJ/imol)

EA = monoethanolamine, DEA = diethanolamine

Carbonic Anhydrase (CA)
= Thermostability

X

;10 —_—

=8 Human CAlI

Dr. Mark Hartney o S . ““Parent CA

=) g . Round 1 CA
A 2 - *Round 2 CA
= CODEXIS T 2

3 o -

g - 45 55 65 75 85 95

o

Temperature (Celsius)
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GRIDS
Transformative Electrochemical

LiSmited ‘Cost Target Flow Storage System
ites

Power Qut
Pﬁryr;ﬁgd lon Exchange Electrolyte

Membrane Flow
Underground ~1hr b4

Compressed v New Storage
AIr Technologies

$1K(i

$100

© "10min

=
S,
C2
w
i)
w
O
O
| -
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O
o

$10  $100  $1000
Energy Storage Costs ($/kWh)

Minimum Response Time & Seconds 6 Minutes

Electrolyte Tanks

Dr. Mark Johnson

Conventional

UTRC BEST SMALL CELLS
N 'ro DATE

0O 01 02 03 04 05 06 07 08 09 1
Typical Cell Power Density (W/cmZ)

* United Technologies @!/ 2 Pratt & Whitney
Hesea rch ce “‘E' Cllpper“ A United Technologies Company

N Pratt & Whitney Rocketdyne, Inc. o . .. =
3 . ENERGY
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On April 21, 2011 Secretary Steven Chu announced up to
$130 million ARPA-E for five new program areas

"ARPA-E Is unleashing American innovation to strengthen
America's global competitiveness and win the clean energy
race," said Secretary Chu. "In addition to creating new jobs,
breakthroughs in clean energy technologies can reduce our
country's dependence of foreign oll, decrease the cost of

clean electricity, and build a sustainable infrastructure for
future generations of Americans."

https://arpa-e-foa.enerqy.gov
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Plants Engineered To Replace Oil (PETRO) ~ $30M

PETRO aims to create plants that capture more energy from sunlight and
convert that energy directly into fuels. ARPA-E seeks to fund technologies
that optimize the biochemical processes of energy capture and conversion
to develop robust, farm-ready
crops that deliver more energy
per acre with less processing
prior to the pump.

« Absorption: Ordinary photosynthesis uses less
than half of the incident light energy. Biological
pigments that absorb more energy have been
identified, but have not used in biofuel
production.

» Metabolism: Currently, biofuels are fermented
from biologically created materials. The two
‘\ biological processes are able to be combined
into a single process to generate fuel directly.

Dr. Jonathan Burbaum

» Optimization: A dedicated source of
biofuel is an agricultural crop. Rapid
genetic selection can be used to
accelerate the development of viable
production strains.

2 (&
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High Energy Advanced Thermal Storage (HEATS) ~ $30M

More than 90% of energy technologies involve the transport and
conversion of thermal energy. Therefore, advancements in thermal
energy storage — both hot and cold — would dramatically improve

performance for a
variety of critical
energy applications.

Scale

Dr. Ravi Prasher

i 9 ° _ ENERGY
[ PAS
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Synergy between Solar and High-
Temp Nuclear

CHP systems in
buildings

Increase in efficiency > 50%
compared to current systems
(T ~ 300- 400 °c)

£) Reduces primary
consumption ~
25%

Increase EV range

by ~ 40%

<100 °C

~ 500 °C > 800 °C

Temperature

EEEEEEEEEEEEEE



http://www.solarthermalmagazine.com/SolarThermal/concentrated-solar-power-tower-technology/
http://cleantechnica.com/2009/04/29/tower-of-power/

Rare Earth Alternatives in Critical Technologies (REACT)
~$30M

Rare earths are naturally-occurring minerals with unique magnetic
properties. As demand for these technologies continues to increase,
rare earths are rapidly becoming more expensive due to limited global
supply — prices of many have increased 300—700% in the past year.
ARPA-E seeks to fund early-stage technology alternatives that
reduce or eliminate the dependence on S i T (05 vaie)

rare earth materials by developing
substitutes in two key areas: electric
vehicle motors and wind generators.

Dr. Mark Johnson

Importance to clean energy

1(low) 2 3 4 (high)

&R, U.S. DEPARTMENT OF
LY

Supply risk
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Green Energy Network Integration ~ $30M

Advances in computation, networking, and grid monitoring allow delivery
of electricity more efficiently and reliably than ever before. Today,
however, one out of every five electricity dollars are lost to outages and
30 percent of the grid’s hardware needs replacing. ARPA-E seeks to

fund innovative control

software and high-voltage
hardware to reliably
control the grid network.

Dr. Rajeev Ram

S N
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33 < 1TGW
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Percentage of Hours Cong

I 502 and greater
[ 40% to 49%
B 30% to 3%

B 20% to 20%
. 10% to 19%




Solar Agile Delivery of Electrical Power Technology (Solar
ADEPT) ~ $10M

SunShot leverages the unique strengths across DOE to reduce the total
cost of utility-scale solar systems by 75 percent by 2017. If successful,
this collaboration would deliver solar electricity at 6 cents/kWh -

BASE CASE

T

competitive with electricity from
fossil fuels. This would enable llll
solar electricity to scale and make ™™

.. i $3.50 [~ 53-40

the U.S. competitive in solar B Power Electronics
$3.00 [ .

technology. - 303/: tallat
N o odule
$2.00 | : )

Dr. Rajeev Ram $1.50 $1°0 e

$1.00 | .
$0.50

$0.0

2010 2016 $1/Watt

5-6¢/kWh fully installed at the MW scale by 2020
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ARPA-E has forged partnerships with key organizations

- DOD

— ARPA-E formed a partnership with the DoD to jointly fund programs on
integrating ARPA-E-funded next-gen power electronics and storage
technologies to significantly increase the efficiency of power systems
used in DoD applications

« Utilities
— Duke Energy, Electric Power Research Institute (EPRI) and ARPA-E
jointly announced a partnership which will provide the connective tissue
for ARPA-E in the utility and stationary power sector.

» Will provide a testbed for ARPA-E funded technologies (electric power
management, vehicle charging, storage, power generation, carbon capture,
electrofuels etc) in real systems, establishing their value and de-risking for
commercial applications.

« Will help ARPA-E identify opportunities to create technologies that will have
value in the real world.
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Thank you

http://arpa-e.enerqy.gov/
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